A recent study has revealed that germline mutations of the down-regulated in adenoma (DRA) gene are a likely cause of a recessive intestinal absorption defect, congenital chloride diarrhea. This ®nding was in accordance with previous works showing that DRA encodes a sodium independent transporter for sulfate and oxalate. Although DRA was originally reported as a candidate tumor suppressor, these studies have questioned the relevance of DRA in cancer. To evaluate whether further studies on the role of DRA in tumorigenesis are still of interest, we examined whether individuals carrying germline DRA mutations have an excess of intestinal cancer. Cancer status of 229 members of 36 Finnish congenital chloride diarrhea families (44 homozygous patients, 70 heterozygous parents, and 115 grandparents at 50% risk of being a DRA mutation carrier) was checked at the Finnish Cancer Registry and the risk of intestinal cancer was found slightly elevated (standardized incidence ratio 3.4, 95% con®dence interval 1.4 ± 7.0, P50.05). While this result does not unambiguously demonstrate an increased intestinal cancer risk in DRA mutation carriers, it should promote further studies to determine the possible role of DRA in cancer.
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Keywords: DRA; CLD; cancer; neoplasia; tumor suppressor Four years ago, the down-regulated in adenoma (DRA) gene was cloned (Schweinfest et al., 1993) and consecutively mapped to 7q22-q31.1 (Taguchi et al., 1994) . DRA has a great deal of structural similarity with the diastrophic dysplasia sulphate transporter gene, which led investigators to presume a functional similarity between these two genes (HaÈ stbacka et al., 1994) . Structural similarity with a rat liver sulfate transporter led other researchers to study the function of DRA, and the gene was shown to encode a sodium independent transporter for sulfate and oxalate (Silberg et al., 1995) . The expression of DRA is limited to the mature mucosal cells of the small and large intestine (Schweinfest et al., 1993; Silberg et al., 1995; HoÈ glund et al., 1996) and to the prostate (HoÈ glund et al., 1996) , and in dedierentiated states of mucosa, such as in embryonic tissues or in neoplasia, DRA expression is not detected (Schweinfest et al., 1993; Silberg et al., 1995; HoÈ glund et al., 1996) . Although the association between lost DRA expression and neoplasia is apparent, it is not known if this loss has a role in tumorigenesis, or if it is merely a consequence of the dedierentiated status of the epithelium.
Congenital chloride diarrhea (CLD) is an autosomal recessive disorder characterized by voluminous watery stools containing a high concentration of chloride (McKusick, 1994) . Other features include hydramnios and premature birth. Heterozygous carriers are symptomless. The majority of Finnish CLD patients originate from the Eastern part of Finland (see map in HoÈ glund et al., 1995) . The population of this area is approximately 1.35 million people. Strong evidence was recently presented indicating that CLD is caused by germline mutations in the DRA gene. A three base pair in-frame deletion (DV317) and a C307W change were found in all Finnish CLD chromosomes studied (n=64). However, the C307W seemed like a polymorphism because of its high population frequency. Furthermore, it was not disease-causing when present without DV317 (HoÈ glund et al., 1996) .
The association between digestive tract cancer and homozygous defects in another anion transporter, the cystic ®brosis transmembrane conductance regulator gene, CFTR, has been recently documented (Neglia et al., 1995) . Some of the molecular mechanisms that might associate gastrointestinal cancer predisposition and defects in CFTR have been recently revealed (Abraham et al., 1996) . To determine whether the germline defect in DRA has relevance in intestinal cancer, we utilized two unique data sets that were available to us. First, all identi®ed patients (n=44), parents (n=70) and grandparents (n=115) of Finnish CLD families were checked for cancer at the Finnish Cancer Registry. Second, 728 patients with colorectal neoplasia, 485 of them from the high CLD frequency area, were studied for the presence of the DV317 mutation. 416 control individuals were also analysed for this mutation.
As a result of the centralized health care system of Finland, diagnostic hallmarks, and well-studied genealogy of the disease (Norio et al., 1971 ) the ascertainment of CLD is believed to be almost complete. Altogether 36 CLD families were known to us. In 27 families the three base pair deletion DV317 has been demonstrated to cause the disease (HoÈ glund et al., 1996) , from the rest of the families no DNA samples were available. In all families, the patients were diagnosed by characteristic clinical features, and by demonstrating high fecal chloride content. Previous genealogical studies have identi®ed parents and grandparents of the patients (HoÈ glund et al., 1995; Norio et al., 1971) . Since the disease is recessive, all parents are obligate heterozygous carriers, and 50% of the grandparents carry one defective allele. One mother of a CLD patient was exluded from this study because paternal uniparental isodisomy of chromosome 7 caused the disease in the aected child (HoÈ glund et al., 1994) . Data was available from 44 patients, 70 parents and 115 grandparents. One parent, and 33 grandparents were lost during follow up, usually because they had died before personal identi®cation numbers necessary for computer linking were introduced in 1967. The Finnish Cancer Registry has legal status, is population based, and has almost 100% coverage since 1953 (KylloÈ nen et al., 1987; Teppo et al., 1994) . Follow-up for cancer started at the birth of the ®rst CLD patient in each family (for the grandparents follow-up started at the birth of the CLD patient's parent), or on the 1st of January 1967, whichever was later, and ended at death or 31st of December 1993, whichever occurred ®rst. The numbers of observed cases and person-years at risk were counted, by 5 year age groups, separately for the three calendar periods (1967 ± 1975, 1976 ± 1984 and 1985 ± 1993) . The expected numbers of cases for total cancer and for speci®c cancer types were calculated by multiplying the number of person-years in each age group by the corresponding average cancer incidence in the whole Finnish population during the period of observation. To calculate the standard incidence ratio, the observed number of cases (see Table 1 ) was divided by the expected number. The statistical signi®cance was tested by the Mantel ± Haenzel chi-square test, on the presumption that the number of observed cases followed a Poisson distribution. The CLD patients were followed for 697 person years, parents 1250 person years, and grandparents 2430 person years. At the end of follow-up, there were no cases of cancer reported to the Cancer Registry among the CLD patients (homozygous for the genetic defect), all 32 years old or younger. Two of the parents (obligate heterozygous carriers of the defect) had altogether three primary intestinal cancers (P50.01, standardized incidence ratio (SIR) 20.0, 95% con®dence interval (CI) 4.1 ± 58.5). One had a cancer of the rectum at 39 years of age, the other had cancers of the ileum, rectum and lung at the age of 53 years. The cancer status of the latter patient was known to us beforehand. Four of the grandparents (at 50% risk of carrying the genetic defect) had colorectal cancer (SIR 2.1, 95% CI 0.6 ± 5.3). Thus seven cases of intestinal cancer were observed in the CLD families (SIR 3.4, 95% CI 1.4 ± 7.0, P50.05). There was no signi®cant overall increase in the frequency of cancer in the kindreds (SIR 1.1, 95% CI 0.7 ± 1.6). If the CLD parent whose cancer status (two intestinal tumors) was known to us beforehand was excluded from the study, then the increase in intestinal cancer risk in the CLD families would not remain signi®cant (SIR 2.4, 95% CI 0.8 ± 5.6).
In the unselected patients with colorectal neoplasia, DV317 was not found in the low frequency areas (South-Central Finland) in 243 patients (223 carcinomas, 20 adenomas). In the high CLD frequency area 6/ 485 (1.2%) patients, 2/198 (1.0%) with adenoma and 4/287 (1.4%) with carcinoma, were heterozygous for DV317 (Figure 1) . Four (1.0%) of the 416 controls displayed the mutation (dierence not statistically signi®cant).
In three out of the four unselected patients with DV317, carcinoma DNA was also available. Loss of the wild type allele could not be detected in any of these tumors (data not shown). The same was true with four paran embedded tumors from the CLD families displaying heterozygosity for DV317.
The study focused on occurrence of intestinal cancer, but incidentally as many as eight cases of lung cancer were detected during the cancer follow-up (SIR 2.0, CI 0.9 ± 4.0). Four of these eight cases were small cell carcinomas (0.6 expected, SIR 7.1, CI 1.9 ± 18.1, P50.01), two were adenocarcinomas and two were of unknown histology.
The role of DRA in colorectal tumorigenesis is unclear. The initial observation that the gene is downregulated in intestinal neoplasia suggested that it might function as a tumor suppressor (Schweinfest et al., 1993) . The alternative hypothesis is that the loss of DRA expression in intestinal tumors occurs merely as a consequence of dedierentation (HoÈ glund et al., 1996) . Mechanisms connecting DRA and tumor development have been speculated on previously. Sulfation is necessary for the normal synthesis of proteoglycans. Defective sulfate transport might disturb this process enough to alter the eect of (Ruoslahti and Yamaguchi, 1991) . Proteoglycans have been shown to have decreased sulfation in tumors of the liver and kidney (Nakamura and Kojima, 1981; Lapis et al., 1990) . Furthermore, the normal sulfomucin secretion of the colonic mucosa is reverted to a lower sulfate content sialomucous type following malignant transformation, apparently as an early event (Filipe and Branfoot, 1974; Shamsuddin et al., 1981; Yamori et al., 1987) . In hepatoma cell lines, transport of inorganic anions including sulfate is greatly reduced (von Dippe and Levy, 1982) , and hyposulfated proteoglycans have a lowered anity to adhesion molecules of surrounding cells (Robinson et al., 1984) . Altered intercellular contacts and transmission may contribute to invasion and metastasis characteristics of malignant cell populations. This evidence suggests that sulfation mechanisms may play a role in the carcinogenesis of various tumor types.
A mechanism linking DRA defects and the risk of intestinal cancer remains to be demonstrated. A similar situation is currently seen in the more obvious association between digestive tract cancer and defects in the CFTR gene, encoding a chloride transporter (Neglia et al., 1995) . In a recent article the role in cancer predisposition of diering extracellular ATP levels in dierent organ systems of CFTR homozygous and heterozygous mice was proposed (Abraham et al., 1996) .
Loss of the wild type DRA allele was not detected in the tumors. This is not surprising considering that CLD patients are homozygous for the defect, and thrive without prominent cancer predisposition. In the past CLD was often lethal, which explains the young age (all below 32 years) of the patients available for this study. Further follow-up will more accurately determine their risk of malignancy. The intestinal cancer risk of the CLD parents was higher than that of the grandparents. Only 50% of the grandparents have the DRA defect whereas all parents are obligate carriers.
No individuals with the DV317 mutation of DRA were found outside the CLD high frequency area. Within the region, the carrier frequency of DV317 was 4/416 (1.0%) in healthy control individuals, a result in accordance with previously reported numbers of 3/252 (1.2%) (HoÈ glund et al., 1996) . A similar percentage of DV317 heterozygotes was found in individuals with benign colorectal tumors (2/198, 1.0%). The DV317 mutation carriership in patients with colorectal cancer was slightly, but not signi®cantly higher, 1.4% (4/287). These ®gures suggest that the impact of DV317 on cancer susceptibility is not prominent, though a low level of contribution is possible.
In this study seven patients with colorectal cancer were directly demonstrated to have germline DRA defects. The data on these patients' lesions was scrutinized for possible characteristic features. Six of the lesions (86%) were located in the rectum or sigmoid colon (Table 2 ). All three cases of rectal cancer in the CLD families occurred at a young age (39, 50 and 53 years) ( Table 1) .
The number of intestinal cancers in CLD families was found signi®cantly increased (SIR 3.4, 95% CI 1.4 ± 7.0, P50.05), but only if a CLD parent whose two intestinal cancers were known to us beforehand was included to the data set. The cancer registration system in Finland is virtually complete, and the computerized record linkage procedure precise (Pukkala, 1992) . Therefore, technical aspects are unlikely to cause bias in the results. Almost all CLD kindreds originated from Eastern Finland, whereas the average cancer incidence of the whole Finnish population was utilized to calculate the SIR ®gures of this report. Eastern Finland is a low frequency area for colorectal cancer (Pukkala et al., 1987) . Thus rather under-than overestimation of the true cancer risk SIR in CLD families is likely.
An incidental observation that small cell lung cancers had occurred frequently in the studied CLD families was made (SIR 7.1, 95% CI 1.9 ± 18.1, 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 81 bp 78 bp Figure 1 Screening for DV317. The arrow indicates the 3 base pair deletion observed in a normal tissue sample derived from one of the unselected colorectal cancer patients (lane 13). Each lane (1 ± 20) represents one patient. DNA samples from 728 unselected patients with colorectal neoplasia (510 carcinomas, 218 adenomas) were available to us. These samples emanated from an ongoing project in which the frequency of mismatch repair gene mutations in Finland is being studied. 485 of these (287 carcinomas, 198 adenomas) were derived from individuals living in the high CLD frequency area in Eastern Finland (HoÈ glund et al., 1995) . The mutation analysis was performed using normal tissue DNA as described previously (HoÈ glund et al., 1996) . Brie¯y: genomic primers were used to amplify the deletion region, and PCR products were electrophoresed in a 6% polyacrylamide gel to reveal the presence or absence of the 3 base pair deletion. If DV317 was detected, loss of the wild type allele was searched for in the tumor tissue when available. 416 anonymous randomly chosen blood donors from the high CLD frequency area served as controls. Mutation status was determined as shown above Table 1 P50.01). In the absence of DRA expression in the lung tissue (Schweinfest et al., 1993; Hemminki, unpublished) , the association between DRA defects and small cell lung cancer remains highly speculative, although DRA germline mutations may have some systemic eects.
All the CLD patients and relatives were identi®ed during previous works that were not related to cancer research. This makes a selection bias favouring individuals with cancer in the CLD cohort unlikely. One may argue, whether the family of the individual with two intestinal cancers (known to us before the present work) should have been excluded from the study. However, this family was identi®ed as a CLD kindred more than 25 years ago; before any of the tumors were diagnosed (Norio et al., 1971) . As individuals that were not alive after year 1966 were excluded, some grandparents with cancer might have remained unidenti®ed. If the relative risk is at the highest in young age groups, exclusion of follow-up before 1967 leads to underestimation of the true risk.
At present DRA does not ful®ll the de®nition of a tumor suppressor gene (Haber and Harlow, 1997) . Further studies are needed to clarify whether DRA mutations contribute to hereditary cancer predisposition, and to sporadic tumor initiation and progression. These questions can be approached by studying the cancer risk of CLD families with dierent DRA mutations in dierent populations, and by continuing molecular studies on the possible role of DRA in tumorigenesis.
